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Glossitis,  stomatitis,  and  gastrointestinal  disturbances  are  out- 
standing features of three diseases of human  beings:  pellagra,  sprue, 
and pernicious anemia.  The  same triad of symptoms characterizes 
an acute, spontaneous or experimental disease of dogs, known as black 
tongue.  Experimental  evidence indicates  that  pellagra  in  human 
beings and black tongue in dogs can be produced by diets lacking in a 
particular accessory food factor, and can be successfully treated by 
supplying  that  factor.  These  facts  established  the  symptomatic 
similarity between the two conditions on the basis of a like etiology. 
The demonstration by Castle and  Rhoads  1 that  the  same accessory 
food factor, vitamin B~ or G, is effective therapeutically in sprue, and 
by Strauss and Castle  s that it forms a part of a complex therapeutic 
agent capable of effecting remissions  in pernicious anemia, has sug- 
gested that lack of that factor may play a r61e in the etiology of both 
conditions.  Proof  of  this  hypothesis  required  the  production  in 
animals of a disease condition more like sprue and pernicious anemia 
than was acute black tongue of dogs.  If in addition to the oral and 
intestinal symptoms which are so striking in that disease the features 
of chronicity and anemia of a characteristic type were added, an ex- 
perimental syndrome would be established symptomatically  like sprue 
and  pernicious  anemia  in  man.  Accordingly  the  production  of 
chronic recurrent black tongue in dogs, with a study of the associated 
alterations of the blood,  was undertaken.  The results obtained are 
presented in this communication. 
1 Castle, W. B., and Rhoads, C. P., Lancet, 1932, 1~ 1198. 
Strauss, M. B., and Castle, W. B., Lancet, 1932, 2, 111. 
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A  rather  comprehensive  literature  exists  concerning  black  tongue  in  dogs. 
In 1907 Chittenden  3 observed that dogs deprived of meat and milk fell ill with the 
salivation, stomatitis,  and diarrhea now  recognized as being so characteristic of 
that condition.  The disease picture was similar to one called Stuttgart disease 
which had been described as occurring spontaneously in Europe.  In the southern 
states of North America it was known as black tongue.  In 1917, with Underhill, 
Chittenden  4 produced a pathological condition marked by salivation, stomatitis, 
and diarrhea, by feeding dogs a diet composed of boiled peas, cracker meal, and 
cottonseed oil.  It was considered to be similar in all respects to spontaneous black 
tongue. 
The most numerous and detailed experiments dealing with this condition are 
those of Goldberger and his coworkers3  -1°  These experiments may be epitomized 
as follows: By the use of a diet composed principally of white corn-meal plus dry 
peas, casein, cod liver oil,  cottonseed oil,  and a  salt mixture, an acute illness  of 
dogs could be produced in a  period of from 4  to 10 weeks.  This illness  was of 
brief  duration  and  was  marked  by stomatitis,  salivation, diarrhea,  and  a  fatal 
outcome.  It was very much like the disease produced by previous workers, and 
was supposed to be experimentally produced black tongue.  Untreated animals 
rarely survived more than a few days.  Dermatitis and elevation of temperature 
were frequently observed.  Denton  u studied the histopathological changes in the 
tissues of the dogs dying of black tongue in the course of the experiments carried 
out by Goldberger.  The findings were compared with those in human pellagra 
and were considered to be very similar.  From the symptomatic and pathological 
resemblance, black tongue was considered  to be pellagra in dogs.  Accordingly a 
long and detailed series  of experiments was performed to ascertain whether the 
experimental condition in the dog cotfld be prevented and relieved by those foods 
which appeared  to be of  prophylactic and therapeutic  value in pellagra.  A  re- 
markable parallelism was demonstrated. 
3 Chittenden, R. H., The nutrition of man, New York, F. A. Stokes Co., 1907. 
4 Chittenden, R. H., and Underhiil, F. P., Am. J. Physiol., 1917, 44, 13. 
5 Goldberger, J., and Wheeler, G. A., Bull. Hyg.  Lab., U. S. P. H. S., No. 120, 
1920,  7. 
e Wheeler, G. A., Goldberger, J., and Blackstock, M. R., Pub. Health Rep., U.S. 
P. H. S., 1922, 37, 1063. 
7 Goldberger, J., Wheeler, G. A., Lillie,  R. D., and  Rogers, L. M., Pub. Health 
Rep., U. S. P. H. S., 1926, 41, 297. 
s Goldberger, J., and Wheeler,  G.  A., Pub. Health Rep.,  U. S. P. H. S., 1928, 
43, 172. 
9 Goldberger, J., Wheeler, G. A., Llllie,  R. D., and Rogers, L. M., Pub. Health 
Rep., U. S. P. H. S., 1928, 48, 657. 
10 Goldberger J., Wheeler, G. A., LiUie, R. D., and Rogers, L. M., Pub. Health 
Rep., U. S. P. H. S., 1928, 48D 1385. 
11 Denton, J., Am. J. Path., 1928, 4s 341. C. P. P.HOADS AND  D. K. MILLER  587 
A study was then made of the factors present in the foods shown to have prophy- 
lactic and therapeutic value and which were absent in the diet fed the animals. 
Investigation of the vitamin content of foods as far as known at that time threw 
suspicion on that factor known as water-soluble vitamin B.  Experiment showed, 
however, that if materials known to be rich in vitamin B were heated to 120°C. for 
1 hour the black tongue-preventing factor was still present.  The heat treatment 
was sufficient to destroy the antineuritic power of the vitamin B complex. 
This evidence indicated the presence in the effective material of a  new factor 
named by Goldberger vitamin PP or "pellagra-preventing."  This was found to 
be a factor necessary for the maintenance of growth and the prevention of dermati- 
tis in young rats maintained on an otherwise basal ration.  It was variously termed 
vitamin Bz  or G  by other  investigators.  Yeast  was  found  to  be  an  excellent 
source of this accessory food substance.  Finally, the feeding to human volunteers 
of a diet somewhat similar to that given the dogs resulted in the production of the 
symptoms of pellagra. 
Wheeler,  1~ in reviewing the subject, concluded that black tongue  and pellagra 
were one and the same disease on account of their seasonal and geographical inci- 
dence, their common cause and similar course, their identical pathological changes, 
and their equal response to the same therapeutic and preventive measures. 
Shortly after the publications of Goldberger and his colleagues, the subject of 
the etiology of black tongue was reopened by Underhill and Mendel33  They fed 
to dogs a  diet similar to that used in their experiments already discussed.  The 
principal ingredients were cracker meal, peas, and cottonseed oil.  An acute disease 
marked by salivation, stomatitis, and diarrhea was produced, and the therapeutic 
effect of a variety of materials was tested.  They concluded that butter and milk 
were effective both therapeutically and prophylactically, but that  yeast was with- 
out potency.  Furthermore, they felt that the anti-black tongue effect of butter 
and  milk was  subject to a  seasonal variation, and  that  it depended upon  the 
content of carotin.  Finally, crystalline carotin was used to supplement the diet 
fed, and was shown to be effective in preventing and curing the experimental dis- 
ease.  The diet employed by this group of workers was so simple and so generally 
deficient that it is most difficult to analyze it in respect to any particular ingredient 
which might be lacking.  The discrepancy between the results obtained by the two 
groups of investigators has never been satisfactorily explained.  Neither group, 
however, apparently considered the similarity of the experimental disease to sprue 
and  to  pernicious  anemia,  and  neither  studied  the  associated blood  changes. 
Furthermore, no animals are described in which a  chronic pathological state was 
induced. 
A third hypothesis concerning the etiology of pellagra and black tongue has been 
advanced by Bliss.  14  In  a  general survey of  the  diets eaten in  regions where 
1~ Wheeler, G. A., J. Am. Vet. Med. Assn., 1930, "/7, 62. 
13 Underhill, F. P., and Mendel, L. B., Am. J. Physiol., 1927-28, 83, 589. 
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pellagra is prevalent, he concludes that they are deficient in iron content.  En- 
couraging results are reported to follow the administration of iron in pellagra and 
in canine black tongue.  From these facts, he evolved the hypothesis that both the 
canine and the human disease are manifestations of a dietary iron deficiency.  In 
a  personal communication, Bliss states that the hypothesis still remains neither 
proven nor disproven. 
Stucky and Brand  15 reported experiments on rats in which symptoms of vitamin 
B~ G deficiency appeared in spite of a diet containing an amount of iron sufficient 
to allow hemoglobin regeneration in young, anemic animals. 
Methods 
Dogs of good size,  and  of mongrel breed,  largely short haired  in type, were 
employed.  The animals were kept under uniform conditions, in individual cages, 
with bedding of shavings.  No special care was taken to avoid coprophagy.  The 
diet was composed of the following ingredients:  white corn-meal,  6000 gm.;  Cal- 
ifornia black eyed peas, 750 gm.; casein (leached--Casein Company of America), 
900 gm.; cod liver oil,  225 cc.;  cottonseed oil,  450 cc.; rice polishings,  600 gm.; 
calcium carbonate, 450 gin.; NaC1,  150 gin. 
The corn-meal, peas, and casein were mixed and cooked for 2 hours in a steam 
cooker.  The  remaining  ingredients  were  then  added  and  thoroughly  mixed. 
The dogs were fed daily and were allowed to eat as much as they chose. 
The animals were weighed at weekly intervals, and blood was taken from the 
jugular vein in a standard amount of potassium oxalate for routine examinations. 
Counts were done more frequently when the condition of the animal seemed to 
warrant.  Determinations  of the numbers of erythrocytes and leukocytes were 
made in standard pipettes and counting chambers.  The  hemoglobin was esti- 
mated by the Sahli method with a glass standard.  The Sahli tubes were carefully 
calibrated and checked at frequent intervals by the O~.-combining capacity method 
of Van Slyke38  The mean corpuscular volume was ascertained by the method of 
Wintrobe37  Smears of the blood were made on plain cover-slips and those cov- 
ered with dried brilliant cresyl blue for the staining of reticulocytes. 
In treatment, 200 gm. of rawlean beef were fed daily if the animal would eat.  If 
not, a rice polishings concentrate prepared according to the method described by 
Evans  and  Lepovsky  TM  was  administered  by  stomach  tube.  Occasionally  a 
brewers'  yeast  concentrate  (Harris)  was  given.  Successful  therapeutic  results 
were so difficult  to obtain when the disease was at its height that it was often 
impossible to confine the treatment to some simple material. 
15 Stucky, C. J., and Brand, E., Proc. Soc. Exp. Biol. and Med., 1933, 30p  1404. 
18 Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, Volume 
II, Methods, Baltimore, The Williams & Wilkins Co., 1932, 337. 
1~ Wintrobe, M. M., J. Lab. and Clin. Med., 1931-32, 17, 899. 
is Evans, H. M., and Lepovsky, S., J. Nutrition, 1931, 3~ 353. C.  P.  RttOADS  AND  D.  K.  MILLER  589 
Prints of the dorsal surface of the tongue were made by applying a thin layer 
of ink with an ordinary library ink pad.  Squares  of soft paper were then lightly 
applied to the lingual surface with a rolling motion.  With a little practice, excel- 
lent prints could be obtained.  In the dogs a general anesthetic was usually em- 
ployed. 
General Results 
Early experiments based on the feeding of the diet described, with- 
out the addition of rice polishings,  were unsatisfactory since death 
usually  occurred  before  blood  ckanges  could  be  demonstrated. 
Even with the addition of rice polishings, a  substance extremely rich 
in vitamin B1 and containing a certain amount of vitamin B2 G (Evans 
and  Lepovsky~),  the  incidence  of  acute,  fatal  disease  was  high. 
There appeared to  be  a  striking variation  in  the ability of the in- 
dividual animal to maintain life on the diet. 
In a  certain number of instances,  however, a  chronic disease de- 
veloped in which well defined anemia was a feature, associated with a 
characteristic symptomatology.  The averages presented in this pub- 
lication are based on the findings in 10 dogs.  Animals dying of inter- 
current disease or from acute black tongue are not included.  For the 
sake of simplicity only those protocols are presented which are fairly 
typical of the experimental disease. 
In general the diet was well taken.  Control animals which were 
given 4  gin. daily of liver extract (Eli Lilly and Company No.  343) 
ate no more than the dogs maintained on the unsupplemented diet, 
and remained in perfect health. 
Animals  which  ate  sparingly  also  failed  to  develop  the  disease 
under  investigation, but  usually died of intercurrent  infections.  It 
seemed clear that  whatever symptoms developed were  due  to  the 
absence of an accessory food factor in the diet and not to lack of salts, 
metallic elements, particular proteins, or caloric intake. 
Symptomatology 
Certain symptoms, which have not been described as occurring in 
ordinary acute black tongue, were manifested by the animals which 
developed the  chronic  recurrent  disease.  These symptoms will  be 
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the experimental  condition produced  to disease  syndromes in human 
beings. 
The stomatitis of acute black tongue appears first as localized irregular patches 
of injection on the floor of the mouth, and on the labial and buccal mucous mem- 
branes.  This extends until the entire oral mucous membrane is deeply injected 
and shows a superficial desquamation.  In the dogs which ran a chronic course, 
the mucous membrane changes tended to be more generalized and less  acute in 
character.  About 6 weeks after the experimental diet feeding was begun, occa- 
sional irregular patches of injection appeared on the surfaces of the labial and buccal 
mucous membranes.  Instead of progressing rapidly to necrosis, the entire lining 
of the oral cavity frequently became a deep, dusky red in color, and presented a 
peculiar and striking dry, velvety, rather granular appearance.  This change often 
persisted for many days or even weeks.  From time to time, discrete, yellowish, 
slightly raised aphthae appeared,  some of which regressed while others went on 
to circumscribed desquamation of the epithelium. 
Glossitis was a marked feature and was strikingly similar to that seen in sprue 
and  pernicious  anemia  in human beings.  In acute  black  tongue,  the  glossitis 
appears late,  is usually confined to the margins of  the tongue  and  is  quite  ex- 
tensive, often being almost gangrenous in nature.  In the chronic recurrent condi- 
tions under discussion, however, the glossitis was frequently widespread,  milder 
in  degree,  and  at  times  completely  unassociated  with  stomatitis.  The  first 
manifestation was a loss of papillae along the margins of the tongue with a faint, 
smooth, pink  to  red  coloration  (Figs.  1 to 3).  The  involved area  was  glossy, 
smooth, and glistening.  As the condition progressed, the color became a deeper 
red,  and  the area involved in  the atrophic process more extensive.  Finally, a 
large part of the dorsum of the tongue might be a deep, fiery red color with com- 
plete loss of papillae.  Changes in the atrophic areas took place with astonishing 
rapidity,  particularly as healing set in.  Large areas of new papillae frequently 
appeared  overnight, and  there was a  well defined impression  that  the depth  of 
color might vary from hour to hour.  Exactly this same phenomenon has been 
observed in cases of human sprue.  Figs. 4 to 7 show prints taken from the tongues 
of two dogs at the height of the glossitis and again after regeneration of papillae 
had taken place.  Fig. 8 is a photograph of a tongue presenting advanced atrophic 
glossitis. 
The manifestations of disordered function of the gastrointestinal tract were two: 
anorexia and diarrhea.  In the animals which ran a chronic recurrent course, the 
appetite was in general well maintained.  Only when the salivation and stomatitis 
were at their height was the diet refused entirely.  From time  to time, however, 
periods of several days would elapse  during which little  food was  taken.  The 
diarrhea was variable in character.  During an acute exacerbation, it was usually 
profuse, watery, and brown in color.  Blood was frequently passed.  In animals 
running a more protracted course, periods of several days during which the stools C. P. P,  HOADS  AND  D.  K. MILLER  591 
were semisolid to liquid,  yellow in color, and voluminous would alternate with 
periods in which normal stools were passed.  Cultures of the diarrheal stools on 
Sabouraud's medium gave growths of yeast-like organisms in about 10 per cent of 
the attempts.  Control animals never showed such organisms.  No attempt was 
made to identify and classify the type of yeast obtained. 
Loss  of weight was  a  striking feature.  This again is rarely encountered in 
studying acute black tongue.  The average loss was  about 20 per cent of the 
original weight.  That this loss was due to some specific deficit in the diet is shown, 
as previously mentioned, by the fact that control animals  eating the same diet 
supplemented by 4 gm. daily of liver extract No. 343 maintained their original 
weight throughout the experiment. 
The Anemia 
The average maximum  variation  in  blood values observed in  the 
dogs  reported are presented in Table I.  During the  control period 
TABLE  I 
The Average Maximum Variations  in Blood Values of 10 Dogs with Chronic Black 
Tongue  and  Anemia 
Average red cell count ................ 
"  hemoglobin, per  cent .......... 
"  color index .................. 
"  mean corpuscular volume, cubic 
grbiCrOn$ ........................... 
Normal 
,440,000 
87.7 
0.685 
60.2 
Low poir 
of anemi 
3,100,0 
56.4 
0.91 
83.1 
Per cent  Difference  difference 
3,340,000  53 
31.3  35.6 
22.5  34.5 
22.9  33.6 
before  the  diet  feeding was  begun,  the  average  red  cell  count  was 
6,440,000  and  the  average hemoglobin  level, 87.7  per  cent.  At  the 
low point of the anemia, the average erythrocyte count was  3,100,000, 
and the average hemoglobin level, 56.4 per cent.  There was an aver- 
age decrease in erythrocytes of 3,340,000,  and in hemoglobin of 31.3 
per  cent.  There  was  in  addition  an  average maximum  increase  in 
color index of 22.5  points,  and in mean corpuscular volume  of  22.9 
cubic  microns.  From  the  figures  it  is  apparent  that  the  average 
maximum  decrease in numbers of erythrocytes was greater than  the 
average decrease in hemoglobin and was associated with an increase 
in  both  color index  and  mean  corpuscular volume.  These  findings 
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anemia in man.  It should be remembered that the variations in blood 
values  discussed  were  maximum  and  that  they  were  not  present 
throughout the period during which the animals were under observa- 
tion.  There was a  striking  tendency to spontaneous remissions and 
exacerbations of the anemia.  There was at no time a marked increase 
in the pigment content of the plasma.  In a few cases in which blood 
and plasma volume determinations were done by the vital red method 
of Rowntree no  considerable  variations were encountered.  Fluctua- 
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tions  in the numbers of leukocytes  will  be described  in another com- 
munication.  Examinations  of  the  blood  of  control  animals  kept  under 
similar  conditions  failed to  show significant  variations  from normal 
levels. 
PROTOCOLS 
Dog /.--Terrier-hound  cross.  Text-fig. i.  3-22-32.  Weight  10.3 kilos. 
R. B. C. 5,540,000.  Experimental diet feeding begun.  Gastric analysis showed 
free hydrochloric acid in all samples.  4-21-32.  Weight  10.9 kilos.  R.B.C. 
5,500,000.  Salivation  was  present  with  mild  generalized  injection  o~  buccal C.  P.  RHOADS AND  D.  K.  MILLER  593 
mucosa, anorexia, and atrophy with redness of the lateral borders of the tongue. 
Copious  watery  diarrhea  was  present.  400  gm. of  meat  were  fed.  4-25-32. 
Weight 10.3 kilos.  R.B.C.  5,930,000.  Recovery followed.  5-21-32.  Weight 
11 kilos.  R.B.C. 4,700,000.  Diarrhea, salivation, and mild generalized injection 
of the buccal mucous membrane were present.  The stools were voluminous and 
yellow in color.  Fluids were given intravenously and intraperitoneally with 100 cc. 
of alcoholic extract of rice polishings.  Improvement occurred in 4 days.  6-7-32. 
Weight 10 kilos.  R.B.C. 5,000,000.  Active stomatitis with the formation of a 
thin necrotic membrane was present.  Salivation and diarrhea were copious, with 
marked redness and atrophy of the lateral borders of the tongue.  Physiological 
saline solution was administered intravenously and intraperitoneally.  Rice polish- 
ings  concentrate was given orally.  Improvement followed  in 4  days.  7-7-32. 
Weight 8.7 kilos.  R.B.C. 4,900,000.  Fourth attack, with marked, generalized 
stomatitis, great salivation, and active, yellow diarrhea.  Marked atrophy of the 
tongue was present.  The administration of physiological  saline  solution intra- 
venously, and of rice polishings  extract orally, was followed by improvement in 
6 days. 
After this attack there was a sharp fall in the blood values to a low erythrocyte 
count of 3,740,000 cells per c.mm.  The color  index was somewhat greater than 
normal, and there was a  slight increase in the mean corpuscular volume.  The 
course of the blood changes is shown in Text-fig. 1.  Liver extract (Lilly No. 343) 
prepared for parenteral injection was administered intramuscularly each day for 10 
days without improvement in blood values. 
7-18-32.  100 gin. of raw beef were fed daily in addition to the experimental 
ration.  There was a prompt return of the blood values to a high level. 
This animal had four acute attacks of stomatitis and gastrointestinal 
disturbance.  Following  the  last  attack  anemia  developed.  No  im- 
provement in  blood values followed the  parenteral  injection  of liver 
extract  but  striking  improvement  followed  meat  feeding.  In  the 
interim  between acute  attacks,  the  buccal mucous membrane of this 
animal presented a  dry, irregular,  deep red, granular  appearance.  A 
variable  degree  of  lingual  atrophy  was  constantly  present  with  ex- 
acerbations  during acute  attacks.  No  decrease in the  ability of the 
stomach to  secrete hydrochloric acid was observed. 
Dog  2.--Great  Dane-bull  cross.  Text-fig,  2.  2-6-32.  Weight  20.5 kilos. 
R. B. C. 7,500,000.  The experimental diet feeding was begun.  Gastric analysis 
showed  free  hydrochloric  acid  and  ferments  in all samples.  3-7-32.  Weight 
20.7  kilos.  The  animal was inactive and  salivating  mildly.  Patchy  redden- 
ing  of  the mucous membrane of  the  upper lip  was present.  3-8-32.  Weight 
20 kilos.  R.  B.  C.  5,300,000.  Extensive uniform injection of the buccal and 594  CHRONIC  BLACK  TONGUE  WITH  ANEMIA 
labial mucous membrane had developed, and salivation was marked.  Diarrhea 
was active with liquid, brown, watery stools.  3-12-32.  Weight 20 kilos.  R.B. 
C.  5,700,000.  A  general diffuse  redness of  the buccal mucous  membrane  was 
present with a rather dry, granular appearance.  Nearly all the stools after 3-7-32 
were watery in consistence and ranged from brown to yellow in color.  This con- 
dition persisted until 3-24-32.  3-24-32.  Weight 18.9 kilos.  R.B.C.  6,000,000. 
The  lateral margins of the  tongue  showed marked  atrophy of papillae with  a 
striking purplish red color.  An illustration of the tongue at this stage is shown in 
Figs. 3 and 8.  The mouth and tongue changed very little until 4-2-32.  The diar- 
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rhea persisted.  4-2-32.  Weight 18.9 kilos.  R.B.C.  4,490,000.  The margins 
and tip of the tongue had become glass-smooth and a fiery red in color.  A print 
of the tongue at this stage is shown in Fig. 5.  There was the faintest  trace of 
injection of the buccal mucous membrane.  The dog was eating the diet well and 
was  in  good  condition.  4-5-32.  Weight 18  kilos.  R.B.C.  4,400,000.  The 
fiery red color of the tongue was rapidly fading, and new papillae were appearing 
in the areas which had been completely atrophic (Fig. 4).  Otherwise the mouth 
showed  no  abnormality.  Loose  voluminous  yellow  stools  were  the  rule,  but 
occasional brown, formed stools were passed.  4-12-32.  Weight 17 kilos.  R.B. 
C. 4,790,000.  In the interim there was little change.  On this date the margins C. P. RHOADS  AND D. K. MILLER  595 
of the tongue were once more smooth, atrophic, and a fiery red in color.  The 
stools were large, yellow,  and semi~uid to fluid.  From these stools a yeast-like 
organism was grown on Sabouraud's agar.  The animal was very weak and listless. 
4-20-32.  Weight 15 kilos.  R.B.C. 4,500,000.  The bright red injection of the 
lingual borders had faded, and new papillae were appearing.  The diarrhea was 
much less but still present intermittently.  200 gm. of raw, lean beef were added 
to the diet daily for 10 days.  Within a few days the lingual inflammation and 
atrophy had disappeared, the diarrhea had ceased, and the animal gained rapidly 
in health and strength.  There was an improvement in the blood levels.  From 
this point on there was a steady fall in the number of erythrocytes to a low level of 
just under 3,000,000.  The changes in the other values are graphically shown in 
Text-fig. 2.  7-5-32.  Weight 14  kilos.  R.B.C.  3,600,000.  The  tongue was 
once more atrophic, and presented a bright red coloration of the margins.  Diar- 
rhea was intermittent.  The stools were bulky, yellow, and fluid to semifluid  in 
consistence.  Ferric  ammonium  citrate,  1 gm.  daily,  was  added  to  the  diet. 
The condition  of the  tongue and gastrointestinal  tract persisted unchanged  to 
8-10-32,  when  the  animal was  found dead.  The pathological changes will  be 
described elsewhere. 
This animal showed chronic, recurrent, atrophic glossitis and gastro- 
intestinal  disturbance  for a  period of 6 months.  As seen from Text- 
fig. 2,  there was an anemia of advanced degree which was improved 
by feeding  meat,  and  did not  respond  to  iron  administration.  The 
pronounced,  necrotic mucous membrane lesions so commonly seen in 
acute  black  tongue  were not  encountered  in  this  instance.  The  ex- 
tent  and  marked character of the  lingual lesions may be seen in  the 
tongue  print,  Fig.  5,  the  photograph,  Fig.  8,  and  in  the  colored 
Fig.  3.  There  was  a  marked  loss  of weight.  Despite  the  striking 
gastrointestinal  symptomatology,  there  was  at  no  time  a  decrease 
or loss in the ability of the stomach to secrete free hydrochloric acid. 
The  bone  marrow  at  autopsy  was  extremely  red  and  hyperplastic. 
Dog 3.--Black and tan terrier.  Text-fig. 3.  3-9-32.  Weight 16.1 kilos.  R. 
B. C. 6,700,000.  Experimental diet feeding begun.  Gastric analysis showed free 
hydrochloric  acid  in  all  specimens.  4-20-32.  Weight  14.8 kilos.  R.  B.  C. 
3,300,000.  The food was refused, and pronounced, watery diarrhea was present. 
Multiple red patches were present on the buccal mucous membrane.  The dog was 
fed 200 gm. of raw beef daily for 5 days, when the mouth became free from lesions, 
and  the  appetite  returned.  There  was  an  improvement in  the  blood  values. 
5-27-32.  Weight 15.1 kilos.  R.B.C. 4,440,000.  Copious, watery diarrhea was 
present.  A mild, patchy injection of the buccal mucosa had appeared.  5-28-32. 
Weight  15.6 kilos.  R.  B.  C.  4,400,000.  Marked redness and  atrophy of the 596  CHRONIC  BLACK  TONGUE  WITH  ANEMIA 
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tongue margins had developed and the papillae had entirely disappeared (Figs. 1, 
2, and 7).  A mild diarrhea with bulky yellow stools was present.  The dog was 
inactive.  This  condition continued  for 4 weeks.  There were variations in the 
intensity of the atrophic glossitis,  but at no time did more than a  few papillae 
return.  Cultures of the stools on Sabouraud's medium were repeatedly positive 
for yeast-like organisms.  Meat, 200 gm. daily, was fed for 4 days, with temporary 
improvement in blood levels.  5-23-32.  Weight 14.2 kilos.  R.B.C. 3,800,000. 
The tongue atrophy had now begun to disappear, and many new papillae were 
present (Fig.  6).  The buccal mucous membrane presented a  dry, granular ap- 
pearance.  Except for persistent diarrhea the animal was in good condition and 
eating well.  7-5-32.  Weight 12.6 kilos.  R.B.C.  3,800,000.  In the interim 
there was little change.  Loose, yellow stools containing yeast were passed nearly 
every day.  The tip and borders of the tongue were smooth and a deep pink in 
color.  Ferric ammonium citrate was administered, 1 gin. daily, for 2 weeks with- 
out improvement in blood values, glossitis, or gastrointestinal symptoms.  There 
was  a  slow  but  constant  increase in the  activity of  the  symptoms.  7-30-32. 
Weight  11  kilos.  R.B.C.  3,500,000.  The  animal  appeared unusually quiet. 
The glossitis was marked.  200 gin. of raw beef were fed daily for 6 days followed 
by striking improvement.  The redness of the tongue faded and papillae reap- 
peared.  The  diarrhea  ceased  for a  few days.  8=-14-32.  Weight  10.7 kilos. 
R. B. C. 3,700,000.  The diarrhea began once more, and mild atrophic glossitis 
developed.  The symptoms continued until 9-24-32 when meat was again fed and 
the symptoms disappeared.  There was a rise in blood values.  10-10-32.  Weight 
14 kilos.  R.B.C.  5,850,000.  The buceal mucosa again took on the red, dry, 
granular appearance described  previously.  An intermittent diarrhea with bulky 
yellow stools began.  The tongue was very red and the papillae were completely 
absent on the tip and borders.  Ferric ammonium citrate, 1 gin. daily, was admin- 
istered for 10 days without effect on either symptoms  or blood.  10-16-32.  Weight 
16 kilos.  R.B.C. 5,200,000.  The buccal mucous membrane was very injected, 
and  a  large  number  of  yellow aphthae  were  present.  Atrophic  glossitis  was 
clear-cut.  The diarrhea was active, and the stools contained blood.  10-26-32. 
Death occurred. 
This animal, like Dog 2, ran a  prolonged,  chronic course with pro- 
nounced glossitis, persistent diarrhea, and a marked anemia.  As may 
be  seen  from  Text-fig.  3,  the  blood  showed  cycles  of  macrocytosis 
relieved by meat feeding.  No effect of liver extract  (Lilly No.  343) 
injected  intramuscularly  was  observed,  nor  was  iron  in  large  doses 
potent  in  relieving the  symptoms or in bringing about improvement 
in  blood  values.  At  no  time  was  any  decrease  in  the  hydrochloric 
acid  content  of the  stomach noted.  The femoral bone marrow was 
extremely red and hyperplastic.  There was a  maximum weight loss 
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Dog 4.--Short haired shepherd.  Text-fig. 4.  6-14-32.  Weight 17 kilos. R. 
B. C. 6,400,000.  Experimental feeding was begun.  Gastric analysis showed free 
hydrochloric acid in all samples.  The diet was well taken, and no abnormalities 
of the mouth were noted for 8 weeks.  As shown in Text-fig. 4, there was a pro- 
gressive pronounced drop in the blood values,  and a steadily increasing  macro- 
cytosis.  A dry, injected, oral mucous membrane was constantly present.  9-2-32. 
Weight 14 kilos.  R.B.C. 2,260,000.  The tip and lateral margins of the tongue 
were completely atrophic and a brilliant scarlet in color.  Diarrhea was present. 
Liver extract No. 343 was injected intravenously and intramuscularly with large 
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amounts of physiological  saline  solution.  9-3-32.  The animal was  prostrate. 
The therapy was repeated, but death ensued on the following day. 
This animal, in contrast to the three previously described, showed 
a maximum of hematological effect and only terminal lingual and gas- 
trointestinal  symptoms.  This difference in  the  clinical  course must 
be ascribed to individual variations in the experimental animal.  No 
treatment was administered until late in the disease.  Comparison of 
the chart of this animal's course with those of the treated dogs shows C.  P.  RHOADS  AND  D,  K.  MILLER  599 
strikingly  the  effect of early therapy  with  material  rich  in  vitamin 
B2 G on the experimental disease. 
There was a maximum weight loss of 3.6 kilos.  The bone marrow 
at  autopsy was not  red and  hyperplastic  in this  instance,  a  fact in 
keeping with the short course and rapid fall in blood values.  There 
was no decrease in the ability of the stomach to secrete hydrochloric 
acid. 
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Dog 5.--Black shepherd.  Text-fig.  5.  1-17-32. Weight 17.9 kilos.  R.B.C. 
6,000,000.  Experimental diet feeding begun.  Free hydrochloric acid was present 
in  all  specimens of gastric  contents.  3-11-32.  Weight 10.2 kilos.  R.  B.  C. 
4,100,000.  A mild, patchy injection of the buccal mucous membrane was present. 
A slow spread of the lesions took place until 3-22-32 when they disappeared spon- 
taneously.  3-29-32.  Weight 16.4 kilos.  R.B.C. 3,200,000.  The macrocytic 
anemia  continued  to  be present.  A  few patches  of redness  remained  in  the 
mouth, and  the dog was rather  inactive.  An intermittent  diarrhea  had set in 
with soft, bulky, yellow stools.  4-24--32.  Weight 14.8 kilos.  R.B.C. 3,100,000. 
In the interim there were a persistent diarrhea and generalized velvety injection of 
the buccal mucous membrane.  Atrophy  of the tongue margins appeared  and 600  CH'RONIC BLACK TONGUE WlTIt  ANEMIA 
increased inintensity.  The animal was inactive.  Cultures of  stools on Sabouraud's 
agar were repeatedly positive for yeast-like organisms.  Autolyzed yeast, 30 gra. 
daffy, was given by mouth followed by a prompt  amelioration of symptoms and 
improvement in blood values. 
Although  this dog was fed the experimental diet for a  long period 
after the improvement in blood values shown in the chart, no further 
anemia  developed.  Death  in  an  attack  of acute  black  tongue  ter- 
minated  the  experiment.  The  only possible explanation  of this  se- 
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quence of events in the light of present knowledge is that a  variable 
individual factor predisposing to anemia is required.  This occasional 
relative  independence  of oral  symptoms  and  anemia is not uncom- 
monly encountered  in  dealing  with  sprue  and  pernicious  anemia  in 
human  beings.  There  was a  maximum  weight  loss of 4  kilos.  No 
decrease in the acidity of the gastric contents was noted. 
Dog 6.--Mongrel  terrier.  Text-fig. 6.  7-26-32. Weight 15 kilos.  R.B.C. 
5,380,000.  The experimental diet feeding was begun.  9-3-32.  Not  weighed. C. P. RHOADS  AND  D. K. MILLER  601 
A diffuse  redness  of the bucotl mucous membrane was observed for the first  time. 
Bulky,  semisolid to liquid,  ycUow stools were passed almost  daily.  9-15-32. 
Weight 12.6  kilos. R.B.C. 3,500,000.  Profuse yellowish diarrhea was present 
daily  in the interim.  The tongue showed a very striking  redness and marginal 
atrophy.  A mild generalized  injection  of the buccal mucosa was present.  Stool 
cultures were repeatedly positive for yeast-like  organisms.  10-8-32. Weight 
ii.8  kilos. R.B.C. 3,100,000.  Some papillae  had reappeared on the tongue and 
the redness had largely  faded.  The diarrhea decreased.  Liver extract  No. 343 
(Lilly)  was injected daily in 5 cc. amounts.  As seen from the chart no im- 
provement in blood values resulted.  10-18-32. Weight 11.2 kilos. R.B.C. 
2,900,000.  The atrophic glossitis  and gastrointestinal  manifestations  were im- 
proved.  The administration of reduced iron, 1 gin.  daily,  for i0 days was begun. 
10-28-32.  Weight 11.0  kilos. R.B.C.  2,900,000.  No improvement of blood 
values had occurred, and iron therapy was discontinued.  Atrophy and redness 
of  the  tongue  borders were present  with a  moderate injection  of the  buccal  mucous 
membrane.  11-i-32. Weight  10.5 kilos.  R.  B.  C.  3,280,000. Autoclaved 
brewers' yeast  autolysate (Harris)  was given,  15 gin.  daily for i0 days.  A  mild 
reticulocyte  rise  and improvement in  blood values  resulted  in  an  erythrocyte count 
of 4,370,000. 
After the routine feeding of the experimental diet was reinstated, this animal 
died in an acute attack of black tongue without marked anemia. 
The course of this animal's illness is particularly important since 
three methods of therapeusis were employed, and all of the clinical 
manifestations under discussion were present.  The lingual atrophy 
and  redness were  striking and present nearly constantly for a  long 
period.  The diarrhea was yellow, voluminous, and persistent.  Cul- 
tures on Sabouraud's agar repeatedly were positive for yeast.  There 
was a  macrocytic anemia of marked degree which failed to improve 
upon the administration of iron or of injected liver extract No.  343 
(Lilly).  A  reticulocyte rise,  a  drop  in  color index  and  mean  cell 
volume, and a  rise in  erythrocyte numbers and hemoglobin content 
occurred when material rich in vitamin B2 was fed.  During the time 
the animal was under observation, there was a loss of weight of 4.65 
kilos. 
DISCUSSION 
From the findings presented,  it  appears  that  a  chronic recurrent 
disease  in  dogs  was  produced by  the  feeding of  a  particular  diet. 
The disease was marked by chronic stomatitis with acute  exacerba- 
tions, by salivation, by prolonged and marked atrophic glossitis, loss 602  C/IRONIC  BLACK  TONGUE  WITH  ANEMIA 
of weight,  diarrhea,  and,  most important,  anemia.  The anemia was 
moderately severe, bore a relationship to the duration and intensity of 
the  concurrent  symptomatology, and  was at times strikingly macro- 
cytic in  character.  Certain  factors in  this  experimental  disease de- 
serve special consideration. 
The exact etiology of the condition produced still remains obscure. 
The diet fed was selected because it could be relied upon to produce 
the  cardinal  oral symptoms desired.  It was supplemented  with rice 
polishings to rule out the possibility that  a  deficiency in antineuritic 
vitamin  B1 was present.  This  supplement  undoubtedly contained a 
small  amount  of vitamin  B2  G.  The  prophylactic  and  therapeutic 
effect of materials rich in vitamin B~ G, such as meat,  rice polishings 
concentrate, and autoclaved yeast, was striking.  These facts make a 
strong argument for the hypothesis that vitamin B~ G or some closely 
related  substance was the missing  factor in  the diet.  That  vitamin 
can be employed only in an extremely crude form.  Titration  of the 
diet fed for its power to cause growth in young rats has not yet been 
carried out;  hence an even approximately exact statement  as to  the 
absent factor cannot be made.  It seems clear that lack in vitamin A 
or antineuritic B1 was not at fault.  The same diet supplemented with 
liver  extract  powder  (Lilly  No.  343),  4  gm.  daily,  maintained  the 
animals in perfect health.  This material is almost free of salts  and of 
protein  (Cohn19).  It is rich in vitamin B  complex (Guha~°).  Hence 
it appears that the diet contained no material which  was toxic per se 
and was not deficient in particular proteins or in mineral constituents. 
Carotin  in large doses parenterally  administered was not therapeuti- 
cally effective nor was iron  ammonium  citrate.  Lack of  these two 
materials  cannot  be  considered  causative.  Pending  further  experi- 
mentation,  lack of some substance closely associated with vitamin B2 
G seems to be the most probable etiology. 
Variability in the response of dogs kept under the same experimental 
conditions was striking.  No explanation of this fact is at hand other 
than  a  constitutional  variation  in  the  host.  A  similar  lack  of uni- 
formity  is  found  in  the  human  response  to  particular  dietary  de- 
19 Cohn, E. J., McMeekin, T. L., and Minot, G. R., J. Biol.  Chem., 1930, 87, 
p. xlix. 
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ficiencies.  Most of the animals eventually died in an attack of acute 
black tongue even when the diet was supplemented with rice polish- 
ings.  Great  patience  was required  to  obtain  a  convincing  series of 
animals presenting a more or less chronic disease. 
The criticism may well be advanced that the changes in cell volume 
reported might have been the result of slight changes in tonicity of the 
blood plasma,  themselves the  result of dehydration  due to diarrhea. 
That  possibility  seems  unlikely  since  no  consistent  correlation  be- 
tween  diarrhea  and  change  in  cell  size  was  observed.  Indeed,  the 
presence of frequent  liquid  stools was usually associated with  a  rise 
in the blood count and a  decrease in the average cell size.  Further- 
more,  loss of water from the  intestinal  tract  should  result  in  an  in- 
creased tonicity of plasma and a  decrease in cell size, rather than the 
reverse. 
At the outset of the experiment, it was thought possible that a loss 
of the ability of the  stomach  to secrete hydrochloric acid  would be 
encountered.  This only occurred rarely, as a terminal  event, and will 
be described  elsewhere.  Indeed,  those  animals  which  ran  the most 
chronic  course were those which  maintained  their  gastric  secretory 
function. 
The  changes in the bone marrow of the animals  autopsied at the 
height of the anemia were frequently striking and characteristic.  The 
histological details will be presented in a  subsequent communication. 
It suffices to state here that the femoral marrow was the site of intense 
cellular activity with nearly complete absence of fat and replacement 
by young hematopoietic cells.  In many respects this marrow change 
was similar to that seen in severe sprue (Rhoads and Castle  ~1) and  in 
pernicious anemia  (Peabody'2).  There was a  change in the extent of 
active marrow as compared with the femoral marrows of normal dogs 
and of the experimental dogs upon which biopsies were performed be- 
fore the feeding of the experimental diet was begun.  There  was also 
a  change in the cell type of the active marrow.  This was  best seen 
by comparing the histology of normal active vertebral  marrow which 
was predominantly normoblastic with the pathologically active femo- 
~1 Rhoads, C. P., and Castle, W. B., Am. Y. Path., in press. 
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ral marrow of anemic dogs which was predominantly megaloblastic 
in type. 
A striking fact was the failure to demonstrate an  improvement in 
symptoms and blood values following the parenteral  administration 
of large doses of liver extract.  Three instances of this fact are included 
in the individual protocols.  Twelve other trials of parenteral liver 
extract as a therapeutic agent were followed by similar failure.  More- 
over, the daily administration of that amount of liver extract derived 
from 50.0 gm. of whole liver prepared for parenteral administration 
injected intramuscularly each day failed to prevent the development 
of  anemia and glossitis.  That  this  material is specific in relieving 
the symptoms of sprue and pernicious anemia has been conclusively 
shown.  Since the oral administration of substances rich in vitamin 
B2 G did produce improvement in blood values, it would appear that 
the  dog utilizes vitamin B  as such in hematopoiesis and not as an 
intermediate product of gastric digestion as does the human being. 
Further experiments on this point are in progress. 
No consideration of anemia in  the  dog  should fail to include the 
possibility of infection with Bartonella  canis  (Kikuth23).  Examina- 
tion of blood smears from the animals included in this report failed to 
reveal BartoneUa bodies.  That an infection with the organism may be 
latent and still depress the blood values under abnormal conditions is 
quite possible.  It can only be stated that in the experiments no evi- 
dence of such an infection was found. 
SUMMARY  AND  CONCLUSIONS 
1.  By the feeding of a  particular  diet, apparently lacking a  sub- 
stance closely associated with vitamin B~ G, a chronic disease may be 
produced irregularly in dogs. 
2.  The disease is characterized by atrophic glossitis, diarrhea, loss 
of weight, and anemia. 
3.  The disease can be prevented and relieved by materials  rich in 
vitamin B~ G. 
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EXPLANATION OF PLATES 
PLATE 30 
FIGS. 1 to 3.  Paintings of the tongues of dogs with chronic black tongue showing 
various degrees of injection and atrophy of papillae. 
PLATE 31 
FIGS. 5 and 7.  Prints taken from the dorsal surfaces of the tongues of dogs with 
the atrophic glossitis of chronic black tongue. 
FIGS. 4 and 6.  Prints from the same tongues after recovery had taken place. 
PLATE 32 
FIG. 8. Photograph of the tongue of a dog with chronic  black tongue showing 
atrophy of the papillae of the lateral lingual borders. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  58  PLATE  30 
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